Background: Endemic nephropathy (EN) and associated urothelial cell cancers (UUC) are an environmental form of aristolochic acid nephropathy where the most probable rout of ingestion of aristolochic acid (AA) was made by bread contaminated with AA, leading to chronic dietary intoxication. Clinical courses of three members of the same family, similarly exposed to toxin, who exhibited different clinical courses of the disease are presented. Methods: Questionnaires on AA exposure were taken. Tissue samples were obtained during therapeutic nephrouretectomies. Histopathology, immunohistochemical detection of p53, p53 mutation screening in tumor DNA and analysis on the presence of aristolactam (AL)-DNA adducts were performed. Results: Case 1 had UUC with typical EN histopathological signs, whereas Case 2 had bilateral UUCs with typical EN histopathological signs. In contrast, the patient in Case 3 initially showed renal insufficiency, complicated afterwards by right UUC, and later on by left UUC with histopathological end-stage chronic changes but without typical EN changes. AA-DNA adducts and specific p53 mutational spectra (A:T→ T:A transversion) were
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Introduction
Aristolochic acid nephropathy (AAN) was first named as Chinese herb nephropathy. This syndrome was originally described in approximately 100 Belgian patients who unintentionally ingested aristolochic acid (AA) during their treatment at a weight-loss clinic [1] [2] [3] . Of these patients, only 5% developed rapidly progressing end-stage renal disease [4] . Renal impairment was characterized by proximal tubular proteinuria, tubular atrophy, and hypocellular interstitial fibrosis that decreased in intensity from the outer to the inner cortex. In 40-46% of the patients, nephropathy was followed by the development of upper urinary tract urothelial cancer (UUC). Exposure to AA was confirmed by detection of AA-DNA adducts [5, 6] . The renal proximal tubule is the target for the nephrotoxic effects of AA. Toxicity has been linked to disruption of various cellular functions such as intracellular calcium homeostasis, mitochondrial permeability transition, and phospholipase A2 activity, among others [7] .
More than 170 cases of patients with AAN have been reported worldwide, encompassing patients who were treated with herbal remedies containing AA [8] . Some patients, mainly from Asia, presented with a Fanconi-like syndrome. Proximal tubular proteinuria is a feature common to all patients with AAN. Recently, we reported that endemic (Balkan) nephropathy (EN), a disease affecting residents of rural villages located near tributaries of the Danube River, is related to AA exposure [9] [10] [11] [12] . EN is also a chronic tubulointerstitial nephropathy that is frequently associated with UUC [13, 14] and renal histopathological features strikingly similar to those observed in AAN [15] . In contrast to cases of AAN where AA was ingested either inadvertently or intentionally as a part of a medicinal regimen, the most probable route of exposure in EN is chronic dietary intoxication from bread made with flour contaminated with Aristolochia [9, 10, 12] .
The aim of this study was to elucidate the clinical and pathological spectrum of EN in 3 members of the same family who were presumably exposed to AA under similar conditions but exhibited different clinical courses.
Case Reports
Clinical course of patients from a family with EN Case 1. In 1993, a 53-year-old farmer from the Croatian endemic village of Slavonski Kobaš presented to his general practitioner with hematuria. His past medical history was non-contributory. He had no history of sustained or intermittent use of non-steroidal anti-inflammatory drugs, he denied the use of herbal teas, never smoked, and drank only occasionally. The subject had lived his entire life in this village, where he worked as a wheat farmer. His family history was remarkable, in that both of his parents and 1 aunt died of end-stage renal disease at a young age (<55 years). At the time of presentation, the results of the patient's physical examination, including his blood pressure, were normal. Laboratory values for red blood cell count and hemoglobin concentration were also normal, whereas the serum creatinine level was mildly elevated (192 μmol/l). Urinalysis showed the presence of malignant epithelial cells with otherwise normal findings. Ultrasonography showed small kidneys. A tumor mass was found in the left kidney along with a slightly dilated renal pelvis. The patient was admitted to the Department of Urology, General Hospital Slavonski Brod, Croatia, where he underwent left-sided nephroureterectomy. Based on the findings of histopathological examination, he was diagnosed with urothelial cell cancer of the renal Karanović et al.: Chronic Dietary Intoxication as a Cause of Aristolochic Acid Nephropathy -a Case Report pelvis (T1, N0, M0; G3) and tubulointerstitial nephropathy that was histologically consistent with EN ( Figure 1A ). The patient was regularly monitored after the surgery, and while the results of urine cytological examinations were normal, serum creatinine level further increased. Eventually, in 2000, at the age of 60, hemodialysis was started, and UUC relapse was not observed.
Case 2. In 1994, a 49-year-old high school teacher from the city of Slavonski Brod, who was born in the endemic village of Slavonski Kobaš, where he shared the same familiar environment with his cousin (the patient in Case 1) until the age of 19, was referred to his general practitioner because of pain in the right lumbar region. He had no fever, rash, dysuria, or macrohematuria. However, 2 years before this episode, he had occasionally noticed blood in his urine, but did not consider this an important sign. Other than cholecystectomy in 1981, his past medical history was non-contributory. As with the patient in Case 1, he did not use anti-inflammatory drugs, other analgesic medications or herbal teas. He smoked more than 40 cigarettes per day over the last 20 years. Several of his family members, including an aunt and uncle (parents of Case 1), had been diagnosed with EN, and both of his parents had died of end-stage renal disease at a young age (<55 years). His brother is currently on hemodialysis (the patient in Case 3). Clinically, he had no edema and his blood pressure was normal. Laboratory values for complete blood cell count and serum creatinine were normal, as was his urine sediment. Ultrasonography revealed dilatation of the right ureter, and intravenous urography confirmed the diagnosis of a right urothelial tumor. The patient was admitted to the Department of Urology, General Hospital Slavonski Brod, where he underwent right-sided ureterectomy with termino-terminal anastomosis. A diagnosis of transitional cell carcinoma of the ureter was established (T1, N0, M0; G2). Laboratory values at this time, including serum creatinine (91 μmol/l), were normal. In 1998, a tumor in the left kidney was identified by ultrasonography and confirmed by retrograde pyelography; malignant cells were found in the urine. At this time, serum creatinine level was elevated (141-207 μmol/l). Left-sided nephroureterectomy was performed, and transitional cell cancer of the renal pelvis was diagnosed (T3N0XM0; G3). Histopathological review of the renal parenchyma was consistent with a diagnosis of EN ( Figure 1B 18 years old. On admission, he appeared pale, he had no edema, and his blood pressure was 140/80 mmHg. His past medical history included tonsillectomy at age of 25. He had not taken any medication, including anti-inflammatory drugs or other analgesics, and did not drink herbal teas. He started smoking when he was in a grammar school, and quit smoking at the age of 32. His family history was the same as that of the patient in Case 2. Renal ultrasonography showed hyperechogenic kidneys with reduced cortical thickness. His renal function continued to deteriorate; 7 years later, at the age of 54, continuous peritoneal dialysis was started. At the age of 58, he underwent surgery owing to colon cancer (Dukes B, T2N0M0) and was transferred to hemodialysis. In May 2008, transitional cell cancer of the bladder (T1N0M0, G3p) was diagnosed after transurethral bladder resection. Later during that year, he showed recurrence of bladder cancer; thus, BCG instillation was applied and no further treatment was recommended. Cystectomy and prophylactic bilateral nephroureterectomy were suggested, but the patient refused to undergo these procedures. In January 2009, at the age of 63, a right-sided nephroureterectomy was performed owing to transitional cell cancer of the renal pelvis (T3N0, M0; G3p) and ureter (pTis). Histopathological review of the renal parenchyma was not consistent with EN ( Figure 1C) . In October 2009, a left-sided nephroureterectomy was performed owing to hydronephrosis and ureter cancer (T1N0M0; G3p).
Discussion
Here, we presented the cases of 2 brothers and their first cousin affected by EN, who shared the same familiar environment for 18 years, in a Croatian endemic village. Several generations of their family were also affected by EN (Figure 2 ). Although only 1 of them (the patient in Case 1) had spent his whole life as a farmer in the endemic area, the other 2 had lived in the endemic village for a period which is assumed to be sufficiently long for exposure to the environmental nephrotoxin that causes EN. Recently, it was documented that AA from Aristolochia clematitis plants growing in wheat fields is the causative agent of EN and the associated UUC [9, 10, 12] . This finding is supported by the presence of AA-DNA adducts in renal tissues of patients from endemic areas and by the fingerprint mutational spectrum of p53 (A-T transversion) in 78% of EN patients with UUC [10, 12] . Based on this evidence, 
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EN and AAN were concluded to be similar syndromes [16, 17] . However, contrary to all other cases described worldwide, where AAN was induced iatrogenically or inadvertently through consumption of herbal medicines, EN is an environmental disease where the toxic substance is most probably ingested in low doses over decades through bread. Herbal teas and other traditional herbal medications have been excluded as a source of ingested AA. Indeed, farmers from endemic villages were found to consume less tea, compared to farmers from non-endemic villages [18] . Moreover, in our cross-sectional study, we found that EN patients had observed A. clematitis growing in their wheat fields and meadows, as well as seeds of A. clematitis mixed with harvested wheat seeds, more frequently than had patients with other end-stage renal diseases [9] . Using an extended questionnaire, we found that all 3 patients in the cases reported herein recognized A. clematitis as a plant that grew in their wheat fields. They had further observed interspersing of Aristolochia and wheat seeds that caused contamination of their flour and bread with AA. All of the 3 patients also reported that 20 years ago, bread was baked in their household by using flour produced from their own wheat fields. These epidemiological data confirm that all the 3 subjects were similarly exposed to the environmental toxin for more than 15 years.
All the 3 subjects underwent nephroureterectomy. In Case 1 and Case 2, the histopathology clearly confirmed the diagnosis of EN ( Figure 1A and 1B) , whereas in Case 3, the diagnosis was not conclusive for EN owing to the presence of extensive glomerular obliteration ( Figure 1C ). The patient in Case 3 might have had other chronic kidney diseases, possibly in combination with EN.
Formalin-fixed, paraffin-embedded tumor sections were used for immunohistochemical detection of p53 (P8999,1.50 Sigma Chemical Co., St. Louis, MO, US). Tumor DNA was screened for p53 mutations with Affymetrix p53 GeneChip oligonucleotide probe arrays (Santa Clara, CA, US) using a standard protocol as previously reported [11] . Immunohistochemistry showed that all the 3 patients had UUC that stained positive for p53 ( Figure 3 ) and had p53 mutations in DNA isolated from tumors. Nevertheless, only the patients in Case 1 and Case 2 had fingerprint A>T mutations (Case 1: A>T at codon 251-1; Case 2: A>T at codon 179-2 and C > T at codon 282-1) as reported previously for cases #2 and #8 in reference 9. The patient in Case 3 had an A>G transversion at codon 163-2, which is not typical of the mutagenic profile of AA. Although this might be attributed to the fact that not all p53 mutations are detected by this assay, because not all codons are screened, the histopathological findings allowed us to conclude that, most probably, the patient in Case 3 did not have EN, and that the urothelial cancer was not caused by AA. Because he was exposed in the same manner as the other 2 patients, who shared with him the same familiar environment, the observed differences in clinical courses could be explained by the presence of different polymorphisms in genes involved in the metabolism of AA and/or DNA repair. This is in agreement with previous observations of a few persons from an affected endemic household. DNA was isolated and assayed for the presence of aristolactam (AL)-DNA adducts by using the 32 P-postlabelling method previously described [10] . The DNA sources were exfoliated urothelial cells (Case 2), paraffin-embedded renal cortex (Case 1), or frozen renal cortex (Case 3). Adducts (AL.dA) were detected only in Case 1 (0.22 adducts/10 8 nucleotides using 4.2 μg of DNA). Negative results were obtained with 14.3 μg (Case 2) and 20 μg (Case 3) of DNA, which is in agreement with the presumption that the patient in Case 3 was not an EN patient. The failure to detect adducts in Case 2 may be attributed to the DNA source, i.e., exfoliated tumor cells which are not expected to retain high adduct levels because of rapid cell proliferation. AL-DNA adducts were found in Belgium patients 89 months after withdrawal of treatment with herbal medicine containing AA [5] . It can be presumed that exposure to AA in endemic villages decreased 15 to 20 years ago owing to changes in harvesting and milling practices [19] . The presence of AL-DNA adducts in Case 1 after such a long period of time (more than 130-240 months) indicates that, as previously described in animal models, AL-DNA adducts are suitable lifelong present biomarkers of exposure to AA in humans [9, 19] . Deoxyadenosine adducts of AA and A>T mutations of p53 both were observed in Case 1. This is the first report on the simultaneous occurrence of these 2 crucial factors in a patient affected by EN. Such a finding was previously reported for an iatrogenic case of AAN [20] .
The majority of subjects exposed to AA will not develop either urothelial cancer or tubulointerstitial disease. For example, only 5% of Belgian women who were inadvertently exposed to herbal therapies containing AA developed AAN. This is in close agreement with the prevalence of EN in endemic villages [1, 21, 22] . Depending on genetic polymorphisms, exposed subjects may develop either nephropathy, cancer, or both. This difference in clinical presentation is evident in our cases. The patient in Case 1 already showed advanced renal impairment when UUC was first diagnosed. In contrast, renal function remained normal in the patient in Case 2 until 4 years after the diagnosis of UUC, and only began to deteriorate when a tumor was established in the contralateral kidney. Nortier et al. [23] also reported the case of a patient with invasive UUC who did not show advanced renal failure. Interestingly, as in the patient in Case 2, this patient developed UUC in the contralateral kidney several years after cancer was first diagnosed. To the best of our knowledge, Case 2 is the first EN case of invasive UUC in which the patient presented with a completely normal renal function. The finding that EN could present exclusively (or initially) as UUC without evident nephropathy, caused us to modify the classification of EN and include this as a separate diagnostic criterion (Jelaković B, unpublished data) .
Although EN does not have pathognomonic features, the cortical histopathological pattern, in the absence of other renal diseases, is highly suggestive of this clinical entity. In some patients (especially the elderly), hypertension, diabetes, obesity, or other renal diseases (perhaps as in Case 3) may overlap with EN, making a definitive histopathological diagnosis even more difficult. Hok-King Lo et al. [24] reported cases of patients with focal segmental glomerulonephritis complicated by AA nephropathy. Close collaboration between pathologists, nephrologists, and epidemiologists is mandatory for a proper diagnosis in such cases.
The family tree of the patients in our cases is presented in Figure 2 . No EN patients were recognized in generations born before 1910. While this could be related to a rather poorer diagnosis of kidney disease at the beginning of the last century, or to mortality at a younger age that masked the late onset of disease, it could also reflect less exposure to AA. Namely, at that time, farmers did not grow wheat as often as they did after World Wars I and II. Bread was mostly made from corn with which no mixing with A. clematits seeds would occur [19, unpublished data] . In the next generation, EN was diagnosed in 7 of 11 subjects, but none of them had UUC. Although tumors could have been present, they were probably asymptomatic; moreover, at that time, dialysis was not available, and the subjects probably died of uremia before they developed cancer. This is supported by the fact that members of this generation died on average at the age of 53 (range, 37-70); on the other hand, the average age at which the patients died of UUC in Croatian endemic villages was 70.2 (range, 51-82) in 2000-2005 [25] . A decline in the prevalence of EN is evident in the subsequent generation, where 4
Karanović et al.: Chronic Dietary Intoxication as a Cause of Aristolochic Acid Nephropathy -a Case Report of 11 family members developed EN, and UUC was diagnosed in 3 subjects. In 2 of them (Case 1 and Case 2) UUC was proven to be related to AA. Improved treatment of chronic kidney disease, and especially the introduction of dialysis, extended the lifespan during this time, prolonging the latent period of patients exposed to AA in endemic villages. However, it is also possible that the ingested AA dose was higher in these patients. Muniz-Martinez et al. [26] reported that the risk of developing end-stage renal disease linearly increased with AA dose, and that the cumulative dose of AA was higher in patients with UUC than in patients with AAN without this type of malignancy. Neither EN nor UUC were observed in 14 children of the last generation. This decline in prevalence is possibly related to changes in harvesting and milling practices and to the fact that most farmers currently do not bake their own bread. Instead, they now purchase bread made with common flour from local bakeries [19, unpublished data] .
Conclusion
EN is an environmental form of the worldwide prevalent disease AAN. Case 1 and Case 2 are the first documented cases of this type of AAN in which the patients presented with different clinical courses. Diverse clinical courses seem to be related not to differences in exposure but to differences in metabolic activation or detoxification of AA and/or DNA repair resulting from different genetic polymorphisms (analyses are underway to further clarify this issue). The decreased number of patients with EN found in the last 2 generations of this family tree may reflect considerably reduced exposure to the environmental toxin after changes in farming and milling practices.
